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The act ivity of ICDH(NAD) * was measured in s ubcorneal and basal ep idermal layers in 8 
patients with psor iasis and in 7 h ealt hy controls t reated once a day with 0.15% dithranol in 
white petrolatum for 2 weeks . S kin biopsies were taken before and on days 2, 6 , and 14 of t he 
t reatment. Lowry's microtechniques were used in conjunction with a bioluminescent system 
(bacterial luc iferase) for enzymat ic assays. 
The enzym ic activ ity coul d be related to the type of keratinization presen t in t he stratum 
corn eum overly ing t h e epiderma l areas under study. In orthokeratotic areas from t he 
con t rols, in non in vo lved, and in treated involved sk in t he act ivi ty was low. In parakeratotic 
areas, as found in treated non involved and in involved psoriatic skin, t he enzymic activity 
was increased to a level at least twice t h at found in orthokeratos is. Since ICDH(NAD) 
activ ity reflects an aspect of mitochondrial function , t h e results suggest that mitochondrial 
activ ity may be important in control of keratinization. 
In a n earlier enzymatic study on neurodermatitis 
(lich en s implex hypertrophic us), variation in the 
activity of ICDH(NAD) * was found to be related to 
t he type of keratinization of t he horny layer 
overlying t h e epidermal areas under study [1). In 
orthokeratosis t h e enzymic activity was slightly 
increased above the con trol level, while sign ifi-
cantly higher act ivities were noted in t he presence 
of parakeratosis . Ne urodermat it is has some fea-
tures in common with psoriasis. In th e exudative 
guttate variant of psoriasis , the epidermis gener-
ally has a horny layer which shows complete 
parakeratosis. During spon taneous clearing of t he 
lesions, areas consisti ng of a granular layer under-
lying an ort hokeratot ic horny layer appear [2 ]. 
Antipsoriatic remedies give rise to the same epith e-
lial changes in a s horter period . In order to study 
the relationship between the activity of ICDH-
(NAD) and keratinization in the psoriatic pa-
tient, dithranol was chosen to convert parakerati-
nized into orthokeratinized epithelium and v'ice 
versa. This paper presents the findings in a group 
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of psoriatic patients compared with those in non-
psoriatic, healthy subjects. 
MATERIALS AND METHODS 
Punch b iopsies were coll ected from 8 patients with 
psoriasis aged 16 to 38 years (media n age, 23 years) who 
had had their disease from 1 month to 18 years (med ian, 5 
years). The les ions in quest ion were guttate and had been 
present for less than 6 months, mostly only 1 month. The 
patients had not received any treatment in the month 
imm ediately preceding biopsy. Apart from the skin 
disease the patients considered themselves healthy. The 
controls were 7 healthy subjects aged 18 to 60 years 
(med ian age, 35 yea rs). Among these, 2 had been treated 
recently for urt icaria and 1 fo r a leg ulcer wit hout 
secondary dermatitis. The other controls were hospita l 
personnel. All gave a negative history of psoriasis, neu-
rodermatitis, and lichen planus both for themselves and 
fo r their fam il ies. 
Experimental design. Areas for study were selected on 
both forearms in the controls and in the psoriatic 
patients. One area was t reated with 0.15% dithranol in 
white pet rolatum once a day for 14 days, while other 
areas were treated for 6 and 2 days . In the psoriatic 
patients , both the involved and the adjacent non involved 
skin was t reated. T he time sequence was arranged such 
tl;)at several biopsies were taken at the same time or on 
two occasions 1 week apart. In the psoriatic patients , 4 to 
7 biopsies were coll ected, and in the controls 2 to 4 
biopsies. . 
Preparation of the biopsy material. The biopsy speci-
mens were immediately frozen in isopentane at - 86°e, 
and kept at this temperature in a Dewar flask until sec-
tioned. The sectioning was performed in a cryostat 
within 2 days. The further preparat ion of the material , 
i. e., dissection and weighing, was done according to 
Lowry et al [3,4 J as described earlier [5]. The dissected 
specimens contained the subcorneal and the basal part of 
the same rete ridges . This material was collected in 
quadruplicate samples to counteract variation . In the 
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noninvolved sk in , epidermal mate ria l was mostly divided 
into two parts represent ing t he subcorneal and basal 
layers, each wit h a height of about 3 to 5 cells. If t he 
epidermis was thi cker, the cent ral port ion was omitted , 
thus leavin g the height of the specimens unchanged . In 
the involved s kin , eac h s pec imen a moun ted to I , to \Is of 
the epith elial height. Care was taken to avoid contamin a-
t ion with t he connective t issue papill ae adjacent to t he 
acant hot ic epidermis. 
In order to select ort ho- and para-keratotic areas, the 
sections were collected in groups of 5 to 7, of which 1 was 
stained with hematoxylin and eosin . In addi t ion, dark -
fi eld microscopy of t he sections was ca rried out to ensure 
d issection of areas as outl in ed above. 
Enzyme assay . Quadruplicate sa mples of epidermal 
mater ial from t he va rious sites, eac h wit h a d ry weight of 
0 .07 to 0. 15 Ilg, were inc ubated for 30 min at 38°C in 4.49 
III of 0.1 M T ris- (hydroxy methyl) - aminomethane buffer, 
pH 8.0, conta inin g (fi na l concent rat ions) 9.6 mM DL-isoc i-
t rate, 0 .8 mM ox id ized ni cotinamide adenine dinucleo-
t ide, 8 m M adenosine diphosp hate, 8 mM MgC I2 , and 
0.02% human pl asma albumin . The reaction was stopped 
by alkalinization and heatin g. The reduced dinucleotide 
fo rmed was assayed by a biolumin escent system ut ili zin g 
an extract of A cromobacter fischerii, accordin g to t he 
method of Brolin et al [6 ]. During t he study t he assay 
procedure was changed. T he subsequent biolum inescent 
system consisted of 50 III of 0.08 M phos phate buffer, pH 
6.8, saturated wit h tetradecana l, conta ining 8 x 10- 5 M 
fl av ine mononucleotide and 2 Ilg of t he extract of 
Acromobacter fischerii. A 10-111 aliquot of enzymatically 
fo rmed NAD H . was rapidly in troduced in to a vial con-
ta inin g the luciferase extract. A peak fl ow of photons was 
obta in ed wi thin seconds after the mi xing and va nished 
after about 20 sec. E mi t ted photons were counted in an 
in t.erval of 12 sec. The sensit ivity of the system a llowed 
measurement of 10- 12 moles NADH , which gave a value 
l.5 t imes t hat of t he bl anks. Lineil ri ty between concen-
t rat ion and photon coun ts was {o und in th e in terval 
between 10- 9 and 10- 12 moles NADH. T his system was 
essent ially t he same as that described earl ier [1,4 ], but 
was adapted fo r a d ifferent ly designed instrum ent. T he 
same result was obtained in material analyzed on both 
instruments . 
E nzy mic act ivity is expressed as Ilmoles of substrate 
consumed per gm dry weight per min of incubat ion at 
38°C. This value should be mul t iplied by th e factor of 
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0.67 in order to correspond to standard cond itions at 
30°C. T he values shoul d be mul ti plied by t he factor 11.2 
to obta in act ivity in i' kat/kg at 30°C accord in g to new 
stand ards [7 ]. 
Chemicals. Enzy mes, substrates, and co factors were 
obta ined fro m Boehrin ger Mannh eim GmbH, BRD, and 
th e ext ract of Acromobacter fischerii from Sigma Chemi-
cal Co ., St. Louis, Missouri , USA. Other chemicals, 
wh ich were of highes t purity , were purchased from local 
sources . 
Statistical procedures . S ignificances of di fferences 
were determined by Student's t-tests or by ana lys is of 
variance accord in g to sta nda rd procedures [8 ]. Mul t iple 
comparisons wit h 1 cont rol were made as desc ri bed by 
Dunnett [9 1. Correct ion fo r uneq ual group size was made 
accord in g to t he method of Seeger [10 I. The experi mental 
error was 35%, measured on 4 sa mples taken fro m the 
sa me biopsy sections and ex pressed as coeffi cient of 
va ri at ion. 
RESULTS 
Ty pe of K erat inization 
In the cont rol s ubjects, t r eatmen t wi t h di t hra nol 
resulted in so m e sore ness a nd redness but no 
marked scaling, t h e sympto ms us ua lly a p pearing 
a ft er 1 o r 2 d ays o f t rea t m en t . The irri tat ion 
disappeared after a furt h er 3 or 4 d ays, a nd in so me 
cases t he e ryt h em a a lso beca m e fa in te r. The 2- a nd 
6-day bio psy a reas were a lways eryth em atous, an d 
in t h e 14-d ay a rea so m e of t h e s ubjects sh owed a 
s light in crease in pi gm en tatio n . The sectio ns of t he 
control bio ps ies revealed only ort hoke ratos is . In 6 
of the 8 p sori at ic pa ti ents, t h e n on in volved s kin 
r ea cted in t h e sam e way as the s kin of th e con t ro ls. 
In t h e oth er 2 pat ien ts the eryth em a was accompa-
ni ed by scaling. In t h e m ateria l ob ta ined from 
these a reas t he horny layer s howed complete pa ra -
ke ratos is in h a lf o r m ore o f each section. There 
wer e no s ign s of a n ove rt psori at ic les ion , as judged 
by t h e a bsen ce o f greasy scal es, Aus pitz's s ign, a nd 
acant hosis. The di t hra n ol t reatm en t diminish ed 
the papulosquamous les ion in 7 o f t h e p a ti en ts', so 
t hat on t h e 14th d ay it a ppeared as a s li gh t ly 
ery them atous, nonscaling p a t ch . S u ch a reas were 
T ABL E. Epidermal NAD dependent isocitra te dehy drogenase and type of heratinization in stratum corneum 
A summary of enzy mic ac tivi t ies in psoriatic and healthy subjects obta in ed from material collected during 2 weeks 
of t reatment with di thranol. Means and their standard errors were calculated afte r grouping of the materia l according 
to the type of kerat inization of the horny layer overlyin g t he epidermal areas ana lyzed. Earlier control mate rial [1] is 
marked (a), controls fo r this experiment are marked (b) . 
Type of No. of No. of Epidermal layers 
keratinization biopsies subjects Subcorneal Basal 
Ort hokeratos is 
Controls (a) l 4 14 0.81 ± 0.07 1.10 ± 0 .09 
Controls (b) 20 7 0.38 ± 0.03 0.54 ± 0.05 
Psori asis 
Noninvolved 18 8 0.77 ± 0.09 1.14 ± 0.10 
Involved 7 7 1.01 ± 0.13 1.48 ± 0 .18 
Pa rakeratos is 
Psorias is 
Noninvolved 3 3 1.41 ± 0.23 2.85 ± 0.55 
In volved 21 8 2.06 ± 0.17 3.30 ± 0.28 
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selected for analys is . The sections obtained re-
vealed almost excl usively ort hokeratosis with the 
presence of a granular layer , although t he epider-
mis d isplayed marked acanthos is. In 1 case scaling 
was more pronounced , and here para keratos is was 
predominant. 
Epidermal A ctivity of ICDH(NAD) 
In the controls, dithranol resulted in minor, 
nons ignificant a lterations of enzymic activity dur-
ing the period of treatment (Fig. a). The mean 
level before the start of the treatment was about 
0 .33 /-Lffioles per gm dry weight per min, which was 
lower t han t he corresponding value in t he earlier 
study on 14 subjects [1], as indicated in Figure a. 
The activity in the basal layers was genera lly 
higher t han that in t he subcorneal layers (Tab. ) . 
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PARA-
KERATOSIS 
AL 
ORTHO-
KERATOSIS 
SUBCORNEAL 
F IG. The epiderma l act ivi ty of NAD dependent isoc it-
rate dehydrogenase d uring treatment wit h dit hra nol. 
Act ivi ty is ex pressed as !l moles of substrate consumed per 
gm dry weight per min of incubation at 38°C. Means and 
their s tandard errors are shown for assays made on 
material taken before and on days 2, 6, and 14 of 
t reat ment. White and black bars indicate s ubcorneal and 
basal layers in orthokeratot ic a reas; dashed and stippled 
bars indicate subcorn eal and basal layers in parakera-
tot ic a reas, respectively. The number of persons studied 
is indicated below t he abscissa. a: Healthy controls. The 
two left -hand bars s how t he result of an earlier study [1j 
a nd the other groups of bars show t he results of t he 
present study. b: on involved psorias is. Both ort ho- and 
para- keratotic areas were analyzed on days 6 and 14. c: 
Involved psorasis. Both ortho- and para-keratotic areas 
were analyzed on day 14 . 
In noninvolved psoriatic epidermis, t he ~nzymic 
activity prior to t he t reatment was 0.84 /-Lmoles per 
gm per min in the subcorneal layers and 1.11 
#moles per gm per min in the basal layers, in 
agreement with earli er resul ts [1]. In those patients 
in whom the horny layer rema ined orthokeratotic, 
t he activ ity after 6 and 14 days was not signifi -
cantly cha nged (Fig. b) . In 1 patient observed on 
the 6th d ay and in 2 pat ients observed on t he 14th 
day, t he areas treated were found .to be parakera-
totic . These patients displayed increased activi-
ties , which in the basa l layers were at least twice as 
high as in the corresponding orthokeratotic area 
(Tab.) . 
In t he involved psoriatic epidermis, t he enzym ic 
activities before treatment were 2.21 and 3.09 
/-Lmoles per gm per min in subcorneal and basal 
layers, respectively. In areas where the horny layer 
was parakeratotic, these l evels rema ined almost 
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unchanged during the treatment with dithranol. 
When orthokeratosis developed, as shown in 7 
patients on day 14, the activities in the two layers 
decreased to 1.01 and 1.48 J.Lmoles per gm per min , 
respectively. These values did not differ from the 
initial activities in the noninvolved skin. They 
were significantly decreased, however, when com-
pared with the activities in the parakeratotic areas 
of involved skin (p < 0.001) . The activity in the 
basal layer was significantly higher than that in 
the subcorneal layer (p < 0.001). 
The ICDH(NAD) activities during the treat-
ment period are summarized in t he Table. When 
the values in psoriasis were grouped according to 
keratinization , analysis of variance revealed signif-
icant differences in the enzymic activ ities (p < 
0.01). 
DISCUSSION 
The ai m of this study was to investigate whether 
or not there is a relationship between the activity 
of ICDH(NAD) and the type of keratinization 
present in the stratum corneum in skin affected by 
psoriasis. The results show that dithranol induces 
regression of the disease and a decline in enzymic 
activity. Concomitantly, the horny layer became 
a ltered from para- to ortho-keratosis. The reversed 
sequence, from ortho- to para-keratosis , occurred 
in some cases in the noninvolved skin, and the 
enzymic activity increased accordingly. 
The findings of high ICDH(NAD) activity in 
parakeratosis and of low activity in orthokeratosis 
as shown in psoriasis during treatment with dithra-
nol were similar to those obseryed earlier in neuro-
dermatitis and in leukoplakias of the oral epithe-
lium [1 , 11]. In the control material of the present 
study dithranol did not induce parakeratosis. The 
enzymic activities were not significantly changed 
and thus corresponded to the observations in or-
thokeratosis. 
ICDH(NAD) is regarded as a strictly intramito-
chondrial enzyme [12], and it has properties of a 
key enzyme [13] . Variation in the enzymic activity 
implies that mitochondrial function might be al -
tered in the same direction. In the psoriatic lesion, 
electron microscopical studies of epidermis have 
shown a denser content of larger mitochondria 
even in the subcorneal layers [14,15]. T he number 
of mitochondria diminishes during treatment with 
dithranol (15]. A simi lar density of mitochondria 
as found in psoriasis has been reported in eczema 
[16,17], and Lagerholm (personal communication) 
found an increased number of mitochondria in 
epidermal areas underlying the parakeratotic 
horny layer in 4 patients with neurodermatitis in 
whom enzyme studies were made · [1]. It seems 
therefore that there is a correspondence between 
mitochondrial abundance and ICDH(NAD) activ-
ity in these situations in epidermis. 
By changing parakeratosis to orthokeratosis and 
vice versa the ICDH(NAD) activity varies by a 
factor of 2 as shown in the present study . A reason 
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for this variation might be that mitochondrial 
number and function are related to the epidermal 
proliferation rate. The latter is known to be in-
creased in parakeratosis as found in psorias is [18], 
under certain experimental conditions [19], and 
possibly also in lichen simplex [20], and is de-
creased during treatment of psoriasis with di-
thranol [21]. However, increased cell renewal may 
be present together with orthokeratosis in some 
diseases [22,23] and under certain experimental 
conditions [19J. In lichen planus an increased 
epidermal replacement rate was found in 2 cases , 
using tetrachlorosalicylanilide as a marker [24], and 
in this disease glycolytic enzymes dis play in-
creased activities [25]. In lichen planus the lCDH-
(NAD) activity was increased in basal layers of 
the epidermis but not in the layers near the 
orthokeratotic stratum corneum [25]. Mitochon-
dria are normal or decreased in number in the 
epidermis of this lesion [26]. 
Although simi la rities cou ld be seen in t he epi-
dermis in psoriasis and neurodermatitis as regards 
the contents of mitochondria and the rate of 
epidermal proliferation, as indicated above, the 
two diseases differ in the epidermal levels of NAD, 
NADP, and ATP [24 ,27 ]. In the lesion ofneuroder-
mati tis the cofactors were not increased in amount 
and type of keratinization did not influence their 
levels . In psoriasis the cofactors were increased by 
up to 65% above control levels. 
From the findings discussed above it would seem 
that high activity of ICDH(NAD) reflects more 
active mitochondria in the parakeratotic epidermis 
but that the rate of cell renewal and metabolism 
may not necessarily be the same in psorias is and 
neurodermatitis. The ICDH(NAD) activ ity was 
low and the mitochondria concomitantly fewer in 
orthokeratotic epidermis, although epidermal pro-. 
liferation might be increased, as in lichen planus. 
The findings therefore suggest that the increased 
mitochondrial capacity in superficial epidermis 
may be a factor of importance for the faul ty 
differentiation of the horny layer leading to para-
keratosis. 
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